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Double Inspection of Reticle or Wafer 



CROSS -REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of Provi- 

sional Application No. 60/489057 titled * Double inspection on 
5 reticle/ wafer, filed 21 July 2003. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention. 

[0002] This invention relates to inspection of articles 

related to the manufacture of semiconductor devices. More par- 
10 ticularly, this invention relates to the inspection of pho- 
tomasks or reticles used in the photolithographic manufacture 
of semiconductor devices. 

2 . Description of the Related Art . 

[0003] Modern microelectronic devices are commonly pro- 

15 duced using a photolithographic process. In this process, a 
semiconductor wafer is first coated with a layer of photore- 
sist. In one important technique of production, masks or reti- 
cles are used to transfer circuitry patterns to semiconductor 
wafers. Although there are differences in usage of the terms 
20 "mask" and "reticle, " for the purposes of the present invention 
the terms are interchangeable, and references hereinbelow to 
either of these terms should be understood as including both 
masks and reticles, unless otherwise specified. Typically, the 
reticles are in the form of patterned chrome over a transparent 
25 substrate. A series of such reticles are employed to project 
the patterns onto the wafer in a preset sequence. Each photo- 
lithographic reticle includes an intricate set of geometric 
patterns corresponding to the circuit components to be inte- 
grated onto the wafer. The transfer of the reticle pattern onto 
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the photoresist layer is performed by an optical exposure tool 
such as a scanner or a stepper, which directs light or other 
radiation through the reticle to expose the photoresist. The 
photoresist is thereafter developed to form a photoresist mask, 
5 and underlying polysilicon insulation or a metal layer is se- 
lectively etched in accordance with the mask to form features 
such as lines or gates. 

[0004] It should be appreciated by those skilled in the 

art that to produce an operational microelectronic circuit, a 

10 mask must be as defect-free as possible, preferably completely 
defect-free. Therefore, mask inspection tools are needed to de- 
tect various defects in the masks that can potentially reduce 
the microelectronic circuit fabrication yields. Smaller feature 
sizes of the masks used in the microphotolithographic process, 

15 as well as the use of phase shift and OPC masks, require more 
sophisticated tools for mask inspection. For instance, the in- 
spection of phase shift masks requires not only finding "con- 
ventional" defects, such as particles, but also detecting er- 
rors in the thickness of various regions of the mask. Numerous 

20 systems for mask inspection have been developed in response to 
the growing demands of the electronic industry. 

[0005] From the above description, it should be appre- 

ciated that any defect on the reticle, such as extra or missing 
chrome, may transfer onto the fabricated wafer in a repeated 

25 manner. Thus, any defect on the reticle would drastically re- 
duce the yield of the fabrication line. Therefore, it is impor- 
tant to inspect the reticles carefully, and detect any defects 
thereupon. The inspection is generally performed by an optical 
system, using transmitted, reflected, or both types of illumi- 

30 nations. An example of such a system is the ARIS21i reticle in- 
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spection system available from Applied Materials, Inc., 2821 
Scott Boulevard, Santa Clara, CA 95050. 

[0006] There are several known algorithmic methods for 

inspection of reticles. These methods include: die-to-die in- 
5 spection, in which a die is compared to a purportedly identical 
die on the same reticle; and "die-to-database " inspection, in 
which data pertaining to a given die is compared to information 
in a database, which could be the one from which the reticle 
was generated. In another inspection method, die-to-golden-die, 

10 a reference die is chosen for inspecting wafers. There also is 
a design rule based inspection, in which the die has to fulfill 
line width and spacing requirements, and feature shapes should 
fit predefined shapes. Examples of these inspection methods, 
and relevant apparatus and circuitry for implementing these 

15 methods, are described in various U.S. patents, including, in- 
ter alia, U.S. Patent Nos . 4,805,123, 4,926,489, 5,619,429, 
and 5,864,394. The disclosures of these patents are incorpo- 
rated herein by reference. A die-to-database inspection system 
is available as the model ARISlOOi from Applied Materials, Inc. 

20 [0007] Known inspection techniques typically image the 

article under inspection using a large magnification onto a 
solid state imaging device, such as a charge-coupled device 
(CCD) camera. The imaging technique requires the article to be 
illuminated. The brightness of the illuminating source is a key 

25 factor in the ability to speed the inspection by reducing the 
integration time of the camera. As the patterns on wafers be- 
come smaller, it becomes necessary to use smaller wavelengths 
in order to be able to detect the patterns. This is due to the 
fact that the physical resolution limit depends linearly on the 

3 0 illumination wavelength, and further due to interference ef- 
fects, which require that the inspection be done at a wave- 
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length similar to the one used in the lithographic process. As 
the wavelengths become smaller, conventional incoherent light 
sources like filament lamps or gas discharge lamps do not have 
enough brightness, and the light sources of choice become short 
5 wavelength lasers. The coherence of the laser, roughness and 
aberrations of the optical surfaces used in the inspection sys- 
tem, and patterns on the article (such as circuit patterns on a 
mask, reticle or semiconductor wafer) along the light path com- 
bine to create artifacts due to interference and diffraction of 

10 the laser beam. 

[0008] Inspection systems used to detect manufacturing 

defects can be classified by two interdependent factors: detec- 
tion rate and false alarm rate (FA rate) , referred to herein as 
false positive detection. Optical inspection systems using 

15 CCD/CMOS cameras can suffer from contamination or scratches on 
the optical surfaces and from detector problems (blemishes, 
dead pixels, etc.) Such defects can cause artifact images at 
the CCD plane of the inspection system, especially under high 
coherence illumination, which may hide actual defects on the 

20 article under inspection. The artifacts dynamically change, de- 
pending on the article pattern, since the pattern on the arti- 
cle influences the diffraction pattern generated at the CCD 
plane by a contaminant particle or scratch. The article pat- 
terns thus affect the FA rate, an effect that can not be neu- 

25 tralized by calibration procedures. For efficient inspection, 
there is a need to maintain a low FA rate, while still provid- 
ing high inspection throughput. 

SUMMARY OF THE INVENTION 

[0009] Aspects of the present invention are directed to 

30 alleviating the problem of false positive detection caused by 
system artifacts. According to a disclosed embodiment of the 
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invention, each region on an article under inspection, such as 
a mask, is scanned, or otherwise illuminated, at least twice 
during inspection, using an overlap between each two consecu- 
tive frames in the scanning direction. Typically consecutive 
5 frames overlap by at least 50 per cent. However in some appli- 
cations, it is possible to reduce the overlap below 50 per cent 
In different scans, system blemishes have approximately con- 
stant frame coordinates, while mask defects have constant reti- 
cle coordinates, but inconstant scan frame coordinates. These 

10 facts enable distinction between real defects and system arti- 
facts that imitate defects. True defects are detected at dif- 
ferent coordinates in consecutive frames with a known frame 
displacement therebetween, while system artifacts are not dis- 
placed on different frames. 

15 [0010] The overlapping frame images may be captured by 

scanning a single camera over the article at reduced speed. In 
some embodiments, however, in order to maintain high through- 
put, multiple cameras with adjacent or overlapping fields of 
view scan over the article together, in parallel. As different 

20 cameras generally have blemishes in different frame locations, 
the output of one camera can be used to detect defects posi- 
tioned at a blemish location of another. 

[0011] In an alternate disclosed embodiment of the in- 

vention, multiple cameras image the same field of view simulta- 

25 neously, but at different defocus. Imaging optics comprising a 
system of mirrors and beamsplitters are positioned so as to di- 
rect a portion of the light returning from the field of view 
onto a respective camera. The cameras may be positioned, for 
example, so that each camera is at a different optical distance 

30 from the article and thus images the article at a different de- 
focus. This mode is useful, inter alia, in process window in- 
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spection, for checking printability of a mask over a given de- 
focus range. 

[0012] In an alternate embodiment of the invention beam 

directing optics are operative in a first mode in which over- 
5 lapping images are acquired, or in a second, fast scan mode, in 

which each camera images its own field of view in the article j 
plane without overlapping. 

[0013] In an alternate embodiment of the invention, 

multiple passes across a mask are made in which there is an 
10 overlap between slices that are orthogonal to the scan direc- 
tion. 

[0014] The invention provides a method of inspecting an 

article, which is carried out by acquiring a first frame image 
of a first field of view of the article, and acquiring a second 
15 frame image of a second field of view of the article, wherein 
the first field of view and the second field of view overlap, 
and identifying blemish locations having substantially constant 
frame coordinates on the first frame image and the second frame 
image . 

20 [0015] An aspect of the method includes identifying a 

first defect location on the first frame image and a second de- 
fect location on the second frame image. The first defect loca- 
tion is displaced from the second defect location by a frame 
displacement that is defined by the overlap, wherein at least 

25 one of the first defect location and the second defect location 
is distinct from any of the blemish locations. 

[0016] According to another aspect of the method, both 

of the first defect location and the second defect location are 
distinct from the blemish locations. 

30 [0017] A further aspect of the method includes adjust- 

ing the overlap such that the frame displacement is distinct 
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from displacements between pairs of system blemishes that are 
aligned in a scan direction. 

[0018] One aspect of the method includes varying a de- 

tection threshold of the first frame image and the second frame 
5 image, and repeatedly identifying a first defect location on 
the first frame image and a second defect location on the sec- 
ond frame image, so as to identify all defect locations on the 
article . 

[0019] Still another aspect of the method includes ap- 

10 plying a super-resolution technique to the first frame image 
and the second frame image, and repeating the identification of 
the first defect location on the first frame image and the sec- 
ond defect location on the second frame image, so as to iden- 
tify all defect locations on the article. 
15 [0020] In still another aspect of the method the first 

frame image the second frame image are acquired by impinging 
pulsed coherent light on the article. 

[0021] According to another aspect of the method, the 

focal plane of the first frame image differs from the focal 
20 plane of the second frame image. 

[0022] According to yet another aspect of the method, 

the overlap of the first field of view and the second field of 
view is oriented in the scan direction. 

[0023] According to still another aspect of the method, 

25 the overlap of the first field of view and the second field of 
view is oriented orthogonal to the scan direction. 

[0024] According to yet another aspect of the method, 

the overlap is at least 50% of an area of the first frame im- 
age . 

30 [0025] The invention provides a method of inspecting an 

article employing an optical imaging system, which is carried 
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out by preparing a pre-scan mask of blemishes of the optical 
imaging system, determining blemish displacements between pairs 
of the blemishes that are aligned in the scan direction, se- 
lecting a frame overlap of consecutive image frames of the ar- 
5 ticle that is distinct from all of the blemish displacements, 
acquiring a first frame image and acquiring a second frame im- 
age of the article that overlaps the first frame image at the 
frame overlap, and masking the first frame image and the second 
frame image with the pre-scan mask. 

10 [0026] An additional aspect of the method includes 

identifying a first defect location on the first frame image 
and a second defect location on the second frame image, wherein 
the first defect location is displaced from the second defect 
location by a frame displacement that is defined by the frame 

15 overlap between the first frame image and the second frame im- 
age, wherein at least one of the first defect location and the 
second defect location is distinct from any of the blemishes on 
the pre-scan mask. 

[0027] An additional aspect of the method includes 

20 varying a detection threshold of the first frame image and the 
second frame image, and repeating the procedure for identifying 
the first defect location on the first frame image and the sec- 
ond defect location on the second frame image, so as to iden- 
tify all defect locations on the article. 

25 [0028] The invention provides an optical inspection ap- 

paratus of inspecting an article, including a scanner for illu- 
minating the article in a scan direction, a detector for de- 
tecting frame images of the article, beam directing optics for 
directing light from the article to the detector, a controller 

30 for controlling the scanner and the detector to acquire the 
frame images portions at a frame overlap, and an image proces- 
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sor adapted to prepare a pre-scan mask of system blemishes. The 
frame overlap is selected to be distinct from all displacements 
between pairs of the blemishes that are aligned in the scan di- 
rection. The image processor is further adapted to mask the 
5 frame images with the pre-scan mask. 

[0029] According to another aspect of the optical in- 

spection apparatus, the detector includes a plurality of cam- 
eras that simultaneously image overlapping fields of view on 
the article. 

10 [0030] According to a further aspect of the optical in- 

spection apparatus, the detector includes a plurality of cam- 
eras, and the controller in a first mode of operation config- 
ures the cameras to image overlapping fields of view on the ar- 
ticle and in a second mode of operation configures the cameras 

15 to image adjacent non-overlapping fields of view thereon. 

[0031] The invention provides a method of inspecting an 

article, which is carried out by directing a beam from the ar- 
ticle through optics along a plurality of optical paths, dis- 
posing a first camera in one of the optical paths, the first 

20 camera having a first field of view of the article and dispos- 
ing a second camera in another of the optical paths, the second 
camera having a second field of view of the article, wherein 
the first field of view and the second field of view have an 
overlap. The method is further carried out by acquiring a first 

25 frame image of the article with the first camera, and acquiring 
a second frame image of the article with the second camera, 
identifying blemish locations having substantially constant 
frame coordinates on the first frame image and the second frame 
image, and identifying a defect in the first frame image and in 

3 0 the second frame image, wherein the frame displacement of the 
defect corresponds to the overlap, and wherein a location of 
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the defect on at least one of the first frame image and the 
second frame image avoids the frame coordinates of the blemish 
locations thereon . 

[0032] According to yet another aspect of the method, 

5 frame coordinates of the defect on the first frame image and on 
the second frame image are distinct from the blemish locations. 

[0033] A further aspect of the method includes adjust- 

ing the overlap such that the frame displacement is unequal to 
any displacement between members of pairs of system blemishes 
10 that are aligned in a scan direction. 

[0034] The invention provides an optical inspection ap- 

paratus, including a plurality of image sensors, and beam di- 
recting optics, which are adapted to direct a collection beam 
from a surface of an article under inspection onto the image 
15 sensors. In a first configuration the optics direct the collec- 
tion beam onto the image sensors, so that all the image sensors 
have a common field of view, and in a second configuration the 
image sensors have different fields of view. 

[0035] According to an aspect of the optical inspection 

20 apparatus, the optics impinge the collection beam onto the im- 
age sensors with equal fluence. 

[0036] According to another aspect of the optical in- 

spection apparatus, the image sensors comprise three detectors, 
and the optics comprise two mirrors. 
25 [0037] According to still another aspect of the optical 

inspection apparatus, in the first configuration the image sen- 
sors are focused on different planes relative to a surface of 
the article. 

[0038] According to yet another aspect of the optical 

30 inspection apparatus, in the second configuration the first 
field of view overlaps the second field of view. 
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[0039] Still another aspect of the optical inspection 

apparatus includes at least one beam splitter disposed in the 
collection beam for directing at least portions of the collec- 
tion beam toward the image sensors, respectively. 
5 [0040] According to a further aspect of the optical in- 

spection apparatus, the beam splitter includes two beam split- 
ters, and the image sensors comprise three image sensors. 

[0041] One aspect of the optical inspection apparatus 

. includes a mirror disposed in the collection beam, and a beam 

10 blocking means moveable to block a portion of the collection 
beam from reaching the mirror, and an opto-mechanical subsystem 
for displacing the beam blocking means and the beam splitter 
between operating positions and non-operating positions, and a 
scanner, wherein the article is scanned relative the optics in 

15 a scan direction. In the first configuration the beam blocking 
means is interposed by the opto-mechanical subsystem so as to 
block the portion of the collection beam, and the beam splitter 
is disposed within the collection beam, and in the second con- 
figuration the beam blocking means and the beam splitter are 

20 displaced by the opto-mechanical subsystem external to the col- 
lection beam. The first field of view and the second field of 
view overlap, and the frame displacement between the first 
field of view and the second field of view is distinct from 
displacements between members of pairs of system blemishes that 

25 are aligned in the scan direction. 

[0042] The invention provides a method of inspecting an 

article, which is carried out by disposing a plurality of image 
sensors to image the article, and directing a collection beam 
from a surface of the article under inspection onto the image 

30 sensors. In a first configuration, all the image sensors have a 
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common field of view, and in a second configuration, the image 
sensors have different fields of view. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0043] For a better understanding of the present inven- 

5 tion, reference is made to the detailed description of the in- 
vention, by way of example, which is to be read in conjunction 
with the following drawings, wherein like elements are given 
like reference numerals, and wherein: 

[0044] Fig. 1 is a schematic block diagram illustrating 

10 an opto-mechanical system for inspecting an article, which is 
constructed and operative in accordance with a disclosed em- 
bodiment of the invention; 

[0045] Fig. 2 is a flow diagram illustrating a multi- 

pass operation of the system shown in Fig. 1, in accordance 
15 with a disclosed embodiment of the invention; 

[0046] Fig. 3 is an image of a calibration 

frame prepared in accordance with a disclosed embodiment of the 
invention; 

[0047] Fig. 4 is a schematic diagram of an optical sys- 

20 tern suitable for a scanning mode of operation, wherein each re- 
gion on an article under inspection is viewed at least twice, 
which is constructed and operative in accordance with a dis- 
closed embodiment of the invention; 

[0048] Fig. 5 is a schematic diagram of an optical sys- 

25 tern for performing multi-focal optical inspection suitable for 
evaluation of a process window, which is constructed and opera- 
tive in accordance with a disclosed embodiment of the inven- 
tion; 

[0049] Fig. 6 is a composite schematic diagram of an 

30 opto-mechanical system in which configurations of the embodi- 
ments shown in Fig. 4 and Fig. 5 are interchangeable, which is 
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constructed and operative in accordance with a disclosed em- 
bodiment of the invention. 

[0050] Fig. 7 schematically illustrates a fast scanning 

mode of operation using three cameras, in accordance with a 
5 disclosed embodiment of the invention; and 

[0051] Fig. 8 schematically illustrates multi-pass 

scanning in accordance with a disclosed embodiment of the in- 
vention . 

DETAILED DESCRIPTION OF THE INVENTION 

10 [0052] In the following description, numerous specific 

details are set forth in order to provide a thorough under- 
standing of the present invention. It will be apparent to one 
skilled in the art, however, that the present invention may be 
practiced without these specific details. In other instances 

15 well-known circuits, control logic, and the details of computer 
program instructions for conventional algorithms and processes 
have not been shown in detail in order not to unnecessarily ob- 
scure the present invention. 

Embodiment 1. 

20 [0053] Turning now to the drawings, reference is ini- 

tially made to Fig. 1, which is a schematic block diagram il- 
lustrating an opto-mechanical system 10 for inspecting an arti- 
cle 12, which is constructed and operative in accordance with a 
disclosed embodiment of the invention. As explained below, the 

25 system 10 is shown as operating in a reflective mode for clar- 
ity of presentation. However, it is to be understood that in- 
spection devices operating in a transmissive mode, or in both a 
transmissive and a reflective mode, are within the contempla- 
tion of the invention. The article 12, which is typically a wa- 

30 fer, a mask, or a reticle, is positioned on a x-y stage 14, 
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which moves the article 12 in two directions within an inspec- 
tion plane in a predetermined pattern of motion. The system 10 
includes a light source 16, preferably a coherent light source, 
such as a laser, located on one side of the article 12. The 
5 light source 16 may be a continuous wave laser, or may be a 
pulsed laser, typically emitting short-wavelength laser beams 
in the UV or deep UV region. An illuminating beam 18 emitted by 
the light source 16 enters a beam directing subsystem 20, which 
includes transmission beam directing optics 22, and an optional 

10 coherence reduction optical apparatus 24. The beam directing 
subsystem 2 0 directs the beam 18 onto the surface of the arti- 
cle 12, and has specialized beam collection elements, which are 
disclosed in further detail hereinbelow. It should be noted 
that other means of directing the beam 18 onto the article 12, 

15 including other optical paths defined by suitable structure, 
also may be used. 

[0054] The light beam hitting the surface of article 12 

is reflected or transmitted as a collection beam via the beam 
directing subsystem 20 onto an imaging detector 26. The imaging 

20 detector 26 may be one or more CCD or CMOS sensors. The sensors 
could be a 1 x M sensor, or a N x M area sensor or time delay 
integration (TDI) sensor. Alternatively, the imaging detec- 
tor 2 6 may comprise multiple area sensors, as described herein- 
below. The imaging detector 26 is responsive to the detected 

25 changes in intensity and operative to develop signals corre- 
sponding thereto . 

[0055] Oscillatory or stepped motion of the light beam 

hitting the surface of the article 12 may be used to scan the 
article 12. Alternatively the stage 14 carrying the article 12 

3 0 can be moved continuously relative to the beam directing sub- 
system 20 in a predetermined pattern of motion. As a further 
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alternative, the stage 14 may move the article in steps of ap- 
propriate size relative to the beam directing subsystem 20 be- 
tween image capture positions. In any case, a relative dis- 
placement of the article 12 and the illuminating beam in a pre- 
5 determined pattern of motion is produced. The system 10 may 
also include an autofocus device 28. 

[0056] Although the system 10 as shown in Fig. 1 is 

configured for bright-field inspection of article 12, the prin- 
ciples of the present invention, as described hereinbelow, may 

10 similarly be used in dark-field inspection. 

[0057] The light source 16 is controlled by a control 

system 30, which energizes the light source 16 to emit the 
beams in conjunction with the scanning of the stage 14. In some 
embodiments, the control system 3 0 is capable of varying the 

15 configuration and sensitivity of the imaging detector 26, and 
coordinating the operation of an image processor 32 as is de- 
scribed hereinbelow. 

[0058] The output of the imaging detector 26 is linked 

to the image processor 32, optionally associated with a refer- 

20 ence database 34. Results of the image processing are provided 
to the user on a display 36. 

[0059] The collection beam contains information about 

the pattern on the article 12, and also provides information 
regarding any defects present in the article 12 and on its sur- 

25 face. Defects or contaminants in the optical components may 
cause unpredicted signal nonunif ormities , thus making it harder 
to distinguish the defects, and may thus allow some microscopic 
defects to remain undetected. Therefore, there is a need to 
distinguish such system imperfections from true defects of the 

30 article 12. 
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[0060] Elements of the system 10 can be implemented us- 

ing the apparatus disclosed in U.S. Patent No. 6,587,194, or in 
U.S. Patent No. 6,268,093, the disclosures of which are herein 
incorporated by reference. 

5 Operation. 

[0061] With continued reference to Fig. 1, reference is 

now made to Fig. 2, which is a flow diagram illustrating a 
method of multi-pass inspection of an article in accordance 
with a disclosed embodiment of the invention. Each region on 

10 the mask is scanned at least twice and imaged in a detector, 
using an overlap, which is typically but not necessarily at 
least 50% between each two consecutive frames in the scan di- 
rection. Alternatively, more than one detector can be used. Ad- 
vantages of other detection arrangements for producing images 

15 of the frames will become evident from the disclosure of other 
embodiments herein. 

[0062] The method begins at initial step 38. This is a 

calibration stage in which pre-scan masking is accomplished. 
Pre-scan masking refers to the identification of system blem- 

20 ishes, so that they may be masked out of subsequent inspection 
images. Blank images are acquired as a composite calibration 
frame, which is then masked according to system blemishes that 
are present. As used herein, the term system blemishes generi- 
cally includes contamination and other defects of the illumina- 

25 tion system, the collection optics, as well as defects in the 
detector, such as defective pixels, and defects in any elec- 
tronics required by the system. The calibration frame may be 
prepared using a blank article. It may be noted that system 
blemishes cannot be practically eliminated despite application 

30 of meticulous manufacturing and cleaning techniques to the in- 
spection apparatus. 
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[0063] Reference is now made to Fig. 3, which is an im- 

age of a calibration frame 40 prepared in accordance with a 
disclosed embodiment of the invention as it would appear, for 
example on the display 36 (Fig. 1). Annuli 42, 44 are typical 
5 instances of optical artifacts that constitute one kind of sys- 
tem blemish. 

[0064] Referring again to Fig. 2, after completion of 

initial step 38, control proceeds to step 46, where an optimal 
frame overlap is chosen. This is typically at least 50% of the 

10 frame area, but could be less than 50%. The latter would be 
possible, for example, if only a few blemishes were present and 
were generally not aligned along the scanning direction. System 
blemishes have substantially constant frame coordinates. That 
is, their coordinates are the same on all frame images. Mask 

15 defects have constant reticle coordinates, but inconstant frame 
coordinates. Indeed, all regions that are included on both of 
two successive frames have different coordinates on the two 
frames. The difference between the coordinates on the two 
frames is referred to herein as a "frame displacement". To as- 

2 0 sure that no region on a frame would be masked twice on two 
successive frames, all pairs of system blemishes that are 
aligned in the direction of the scan are identified, and the 
displacement between the members of the pairs determined. The 
frame overlap is selected such that the frame displacement does 

25 not coincide with any of the displacements associated with 
these pairs of blemishes. In the event that more than one frame 
overlap satisfies this condition, a minimum frame overlap is 
chosen. Step 46 is typically performed automatically. It may 
conveniently be performed offline, and thus can be accomplished 

30 by any processor, not necessarily the processor of the imaging 
system. 
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[0065] It should be noted that in some embodiments, de- 

scribed hereinbelow, more than two cameras may be used. In such 
cases, smaller frame overlaps are possible, as it is only nec- 
essary that no region on a frame be masked twice on any pair of 
5 cameras. In such embodiments, the output of one camera can be 
used to detect defects positioned at a blemish location of an- 
other. The advantages of such embodiments are increased 
throughput, at the expense of increased processing require- 
ments . 

10 [0066] Next, at step 48, images of overlapping regions 

of the article are acquired according to the frame overlap that 
was chosen at step 46. 

[0067] Next, at step 50, the images acquired in step 48 

are analyzed. Defects are identified. Each reported defect is 

15 labeled as masked (M) if its original pixel location, as ac- 
quired by the detector, corresponds to a system blemish, and 
unmasked (U) if it does not. Corresponding reticle coordinates 
in consecutive frames, wherein at least one apparent defect was 
identified, are identified and "clustered" together as pairs, 

20 so that each cluster or pair represents a single defect. 

[0068] Four significant cases are distinguishable among 

the pairs : 

[0069] M - a defect is reported once, in a 

masked region. 

25 [0070] U - a defect is reported once, in a 

non-masked region. 

[0071] UM - a defect is reported twice, once 

in a masked and once in an unmasked region. 

[0072] UU - a defect is reported twice, both 

30 in a non-masked region. 
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[0073] A further case MM (twice masked) is not expected 

to occur, due to the calibration mentioned above. Instances of 
the case MM are automatically eliminated from further consid- 
eration. 

5 [0074] Real defects are detected in different coordi- 

nates of consecutive frames, and the coordinates of these de- 
fects all have a known frame displacement on the two frames. 

[0075] Optional post-processing procedures use differ- 

ent detection parameters for each case, due to different levels 

10 of suspicion that the various cases represent genuine defects. 

[0076] By discarding the cases M and U, false positive 

detection caused by system instability, e.g., auto-focus prob- 
lems, can be considerably reduced. Such problems rarely repeat 
themselves in the same manner in consecutive frames . Instances 

15 of the case UU are considered as genuine defects. Instances of 
. the case UM are considered as probable defects. This case oc- 
curs when a true defect on the reticle coincides with a masked 
defect in one of two consecutive frames. However, as the un- 
masked member of the pair of the case UM has not been con- 

20 firmed, there remains the possibility that it, too, is an in- 
stance of false positive detection, possibly due to system in- 
stability. Whether the case UM is characterized as a defect, or 
simply flagged for re-evaluation is controlled by a governing 
policy, which could be region-dependent. For example, in some 

25 areas of the reticle, defects could be inconsequential, in 
which case no further action would be necessary. In other re- 
gions, defects could be intolerable, and it would then be nec- 
essary to determine whether an instance of the case UM was a 
false positive detection, or a true defect. This could be ac- 

30 complished, for example, by rescanning with a different frame 
registration on the article under inspection. 
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[0077] In some applications it is desirable to relax 

the detection thresholds of the imaging detector, in order to 
develop more instances of the cases UU and UM, and thereby im- 
prove the sensitivity of the inspection procedure. Decision 
5 step 52 is a determination whether such a policy is in effect. 

[0078] If the determination at decision step 52 is 

negative, then control proceeds to final step 54. A report of 
the defects identified is generated for the user. 

[0079] If the determination at decision step 52 is af- 

10 firmative, then control proceeds to step 56. A redetection pro- 
cedure is applied to defects that are detected twice, other 
than the case MM. In one mode of operation, the article is 
reilluminated by repeating step 48. This can be implemented us- 
ing a detection algorithm, which combines information from the 

15 two sets of images. For instance, two corresponding images may 
be placed in registration and averaged in order to reduce 
noise. Alternatively, redetection can be implemented by reproc- 
essing memorized data corresponding to the previously scanned 
images using different detection thresholds. This alternative 

20 is generally more efficient than reimaging the data. As a fur- 
ther alternative, redetection may be implemented by applying 
sub-pixel registration and averaging, or other known super- 
resolution techniques. Alternatively, many combinations of the 
above mentioned techniques may be used to implement the rede- 

25 tection stage. It has been found that redetection can improve 
the signal-to-noise ratio by 40% as compared with the signal- 
to-noise ratio when only step 48 is performed. 

[0080] Following completion of step 56, control pro- 

ceeds to step 58, where the images are again analyzed. Step 58 

30 is performed in the same manner as step 50. The details are not 
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repeated in the interest of brevity. Control then proceeds to 
final step 54, which has been described above. 

[0081] The principal downside of the above described 

technique is a reduction in system throughput by approximately 
5 a factor of two, as compared with a single pass inspection. In 
order to meet predetermined throughput requirements, it is pos- 
sible to increase the pixel size. Such an increase might reduce 
the detection rate, but it could be balanced with the positive 
effect on the detection rate due to redetection. 

10 [0082] In an alternative implementation of the above 

technique, frames are scanned such that there is an overlap be- 
tween slices orthogonal to the scan direction. In this embodi- 
ment the frame displacement is measured orthogonal to the scan 
direction, and the frame overlap is chosen such that the frame 

15 displacement does not coincide with any of the displacements 
associated with pairs of blemishes that are aligned orthogonal 
to the scan direction. When system throughput is limited by 
stage speed, there is little advantage to this method. However, 
when processing time is the limiting factor, then this alterna- 

20 tive may provide an advantage. 

[0083] Throughput of the system 10 could be increased 

by using two or more cameras having a common f ield-of -view, 
with physical separation between the cameras provided by the 
use of beam splitters. Such a system would scan at a normal 

25 speed. This arrangement does not employ double inspection as 
described above. It would eliminate image sensor defects from 
consideration, but other forms of system contamination would 
continue to produce false positive detection, since their frame 
coordinates would be identical in both cameras . 

30 [0084] Using a plurality of cameras in the system 10 

together with the above-described double inspection technique 
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could help to maintain reasonable inspection throughput, while 
solving the problems of defects both in the image sensor and 
the optical system. The main disadvantage of this method is 
that the beam splitters still reduce the light transmitted 
5 through to each camera. Providing enough fluence at the article 
plane to match the dynamic range of the camera is likely to ex- 
ceed the damage threshold of surface layers on the article un- 
der inspection. Thus, this approach is impractical. 

Embodiment 2 . 

10 [0085] Reference is now made to Fig. 4, which is a 

schematic diagram of beam directing optics 60, which are con- 
structed and operative in accordance with a disclosed embodi- 
ment of the invention. The beam directing optics 60 can be im- 
plemented in the beam directing subsystem 20 of the system 10 

15 (Fig. 1) . Three cameras (not shown) are disposed at loca- 
tions 62, 64, 66 for use as the imaging detector 26 (Fig. 1) . 
In operation, as described above, respective fields of view 68, 
70, 72 of the three cameras are non-overlapping, so that multi- 
ple images can be acquired simultaneously. The beam directing 

20 optics 60 are adapted to scan an article under inspection at a 
high throughput, using a high fluence, while preventing false 
positive detection resulting from contamination or other de- 
fects on the CCD and other optical surfaces of the system. Us- 
ing inspection apparatus that incorporates the beam directing 

25 optics 60, it is possible to conduct inspection at high magni- 
fication without causing any damage to the inspected article. 

[0086] A beam 74 is reflected or transmitted from an 

article and is collimated or focused by a suitable lens 76. The 
beam 74 has representative rays 78, 80, 82, 84, 86, 88, 90. 

30 [0087] An optical element 92 reflects a part of the 

original beam 74 that is represented by the rays 78, 80 into a 
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beam 94. Another part of the beam 74, which is represented by 
rays 82, 84, 86 is transmitted through the optical element 92 
to form a beam 96. An Optical elements 98, 99 reflect a part of 
the original beam 74 that is represented by the rays 88, 90 
5 into a beam 100. 

[0088] In the beam directing optics 60, the loca- 

tions 62, 64, 66 are established such that the paths of the 
beams 96, 94, 100 are equal in length. The transmission of 
light on each channel is kept as high as if only a single cam- 
10 era was used. 

[0089] The optical elements 92, 98 may be constructed 

as a single unit, such that a central transparent area allows 
passage of the beam 96, and the beams 94, 100 are reflected by 
coated areas. 

15 [0090] It can be seen that in the configuration of the 

beam directing optics 60, the overall instantaneous field of 
view 102 of the imaging system is increased, relative to any of 
the fields of view 68, 70, 72, each of which are a field of 
view of a single camera. The field of view 102 is typically 

20 rectangular, with the ratio between the sides equal to the num- 
ber of cameras. Other mirror configurations are possible. Al- 
ternatively, the overall field of view may be square. 

[0091] This arrangement provides a fast scan mode of 

operation, in which each of the three cameras (not shown) im- 

25 ages its own field of view in the article plane without over- 
lapping. In this fast scan mode, scanning takes place at a 
maximal speed V = Vj * N . Alternatively, the system can be opti- 
mized for multi-pass inspection at speed V = V i - N/2, where V is 

the actual scanning speed, N is the number of cameras, and Vi is 
30 the scanning speed that would be required for a single camera 
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to scan the article 12 (Fig. 1) in a single pass with the same 
resolution. 

[0092] While provision in Fig. 4 is made for three cam- 

eras, this is merely exemplary. The beam directing optics 60 
5 may be modified by those skilled in the art to provide loca- 
tions for a larger number of cameras, or for only two cameras. 
Embodiments using more than three cameras may be configured for 
simultaneous scanning using different overlaps in the fields of 
view. In such embodiments an instance of the case UM could re- 

10 solve into a case UUM or a case U-M, (where the symbol xx - vx rep- 
resents absence of a defect indication) . Embodiments using 
three or. fewer cameras can also be configured to scan with dif- 
ferent frame overlaps, but at the cost of decreased throughput. 
The information provided by such embodiments could thus be used 

15 to increase the accuracy of classification of these instances. 

Embodiment 3 . 

[0093] Reference is now made to Fig. 5, which is a 

schematic diagram of beam directing optics 104, which are con- 
structed and operative in accordance with a disclosed embodi- 

20 ment of the invention. The beam directing optics 104 may be im- 
plemented in the beam directing subsystem 2 0 (Fig. 1), and are 
useful for applications in which a focal range, or process win- 
dow, is to be evaluated on an article 106 under inspection. The 
beam directing optics 104 can be used, for example, in the in- 

25 spection of phase shift masks. 

[0094] The beam directing optics 104 include three cam- 

eras (not shown) at the locations 62, 64, 66, which are ad- 
justed to have the same field of view during a given time 
frame. While provision in Fig. 5 is mode for three cameras, 

30 this is merely exemplary. Applying the principles of the inven- 
tion, the beam directing optics 104 may be modified by those 
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skilled in the art to provide locations for a larger or smaller 
number of cameras, which can modify the resolution at which the 
process window is evaluated. 

[0095] In the beam directing optics 104, the loca- 

5 tions 62, 64, 66 are established such that the effective opti- 
cal paths of the beams 96, 94, 100 are different in length. 
This may be accomplished by moving the locations 62, 64, 66 
along the optical axes of their respective beams 96, 108, 110 
such that optical paths extending from the article 106 to the 

10 location 64, from the article 106 to the location 62, and from 
the article 106 to the location 66 all differ in length. Thus, 
cameras (not shown) disposed at the locations 62, 64, 66 all 
have the same field of view on the article under inspection, 
but are placed in different defocus. Typically, one camera is 

15 focused on the surface of the article 106, indicated as a focal 
plane 112 . Another camera is defocused slightly on a focal 
plane 114 above the surface of the article. The third camera is 
defocused slightly on a focal plane 116 below the surface of 
the article 106. 

20 [0096] A beam 118 is reflected or transmitted from the 

article 106 via a suitable objective lens 120, and strikes 
a 2:1 beam splitter 122. One third of the beam 118 continues 
toward the location 62 as the beam 96. Two thirds of the 
beam 118 form a beam 124. The beam 124 is directed to a beam 

25 splitter 126, and divides equally into the beam 108 and the 
beam 110, which are directed to locations 64, 66, respectively. 

[0097] As a result of the optical arrangement of the 

beam directing optics 104 the beams 96, 108, 110 arrive with 
equal fluence at the locations 62, 64, 66, respectively. 



PDC/RT/8633 



Embodiment 4 

[0098] The beam directing optics 104 may be realized as 

a modification of the beam directing optics 60 (Fig. 4) in 
which the beam splitters 122, 126 have been added, and the 
5 rays 78, 80, 88, 90 are blocked, for example with a shutter, so 
that the mirrors 92, 98 become nonfunctional. Alternatively, 
the mirrors 92, 98 may be moved out of the path of the beam 74. 

[0099] Reference is now made to Fig. 6, which is a com- 

posite schematic diagram of beam directing optics 128, which is 

10 constructed and operative in accordance with a disclosed em- 
bodiment of the invention. The system 12 8 can be implemented in 
the beam directing subsystem 20 (Fig. 1) . In the beam directing 
optics 128, the configurations of the beam directing optics 60 
(Fig. 4) and the beam directing optics 104 (Fig. 5) can be in- 

15 terchanged. When it is desired to change from the configuration 
of the beam directing optics 60 (Fig. 4) to that of the beam 
directing optics 104. (Fig. 5), the beam splitters 122, 126 are 
simply moved from non-operating positions 13 0, 132 into operat- 
ing positions 134, 136, respectively, and a portion of the 

20 beam 74 is blocked by moving a shutter 138 from an open posi- 
tion 140 to a closed position 142, so that the mirrors 92, 98 
are not operative to reflect any portion of the beam 74. The 
cameras (not shown) are all set to focus on different planes, 
as described above in the discussion of Fig. 4. These opera - 

25 tions are reversed when it is desired to reassume the configu- 
ration of the beam directing optics 60 (Fig. 4), in which case 
the cameras (not shown) are set to focus on the plane of the 
surface of the article under inspection. 

Scanning. 

30 [0100] With continued reference to Fig. 4, Fig. 5, and 

Fig. 6, the scanning scheme used in the beam directing op- 
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tics 104 or the beam directing optics 60 depends on the opera- 
tional mode. A fast mode of operation, using pulsed laser 
light, may be used when the effect of contamination defects is 
negligible. Fast mode scanning requires moving the article 
5 stage between the laser pulses by a distance corresponding to 
one camera field of view multiplied by a number of cameras. 
Reference is now made to Fig. 7, which schematically illus- 
trates a fast scanning mode of operation using three cameras, 
in accordance with a disclosed embodiment of the invention. 
10 During a first time interval 144, demarcated by dashed lines 

along the vertical axis, a N th laser pulse occurs. The cameras 
(not shown) have respective fields of view 146, 148, 150. In a 
second time interval 152, the scan has progressed along the 
scanning direction, shown as the horizontal axis in Fig. 7. 

15 During the time interval 152, a N+l th laser pulse occurs, The 
cameras now have fields of view 154, 156, 158, which are dis- 
placed to the right with respect to the fields of view 146, 
148, 150. The fields of view 146, 148, 150, 154, 156, 158 are 
non-overlapping . 

20 [0101] The scanning scheme for multi-pass inspection to 

improve the system detection capability is different. It will 
be recalled that each inspected area must be imaged at least 
twice. This is accomplished by providing area overlap in the 
fields of view of different cameras. 

25 [0102] Reference is now made to Fig. 8, which schemati- 

cally illustrates multi-pass scanning in accordance with a dis- 
closed embodiment of the invention. As in the mode disclosed 
with respect to Fig. 7, pulsed laser light is used. The article 
pattern, indicated by hatched areas, is replicated in each time 

30 interval in order to illustrate discrete changes in the camera 
fields of view with respect to time. Defective pixels 160 and 
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contaminated areas 162 are shown. In a first time interval 164 , 
a N th laser pulse occurs, and three cameras (not shown) have 
fields of view 166, 168, 170. In a second time interval 172, a 
N+l^h laser pulse occurs, and the three cameras have fields of 
5 view 174, 176, 178. It will be noted that the field of view 148 
overlaps the field of view 174. Similarly, the field of 
view 150 overlaps the field of view 176. As explained above, 
the overlaps should be at least 50%. In this manner, there is 
always at least one frame in which every point in the pattern 

10 can be observed without coinciding with a system blemish. 

[0103] Referring again to Fig. 4, multi-pass scanning 

according to the invention has the advantages that a beam 
originating from a total field of view during a time interval 
passes through different optical paths and is imaged on differ- 

15 ent cameras. The fluence with regard to each camera is essen- 
tially equated by maximizing the use of mirrors instead of beam 
splitters. As a result, the fluence at the article plane is 
minimized, and a high signal-to-noise ratio is achieved. The 
inventive scheme permits switching to multi-focus inspection by 

20 minor focusing adjustments in the cameras. The optical arrange- 
ments of Fig. 5 and Fig. 4 can be realized using commercially 
available optical elements. 

[0104] It will be appreciated by persons skilled in the 

art that the present invention is not limited to what has been 

25 particularly shown and described hereinabove. Rather, the scope 
of the present invention includes both combinations and sub- 
combinations of the various features described hereinabove, as 
well as variations and modifications thereof that are not in 
the prior art, which would occur to persons skilled in the art 

30 upon reading the foregoing description. 
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